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December 6, 2011:2544–9found in elderly patients with heart failure with preserved ejection
fraction (HFpEF). This work is important given the lack of
understanding of the pathophysiology of this disease or proven
therapies. The group is particularly to be commended for their
open-minded approach to potential contributors to the disease.
We do, however, take issue with the method by which their
primary conclusion was reached.
Haykowsky et al. (1) use the Fick equation to derive
arterial-venous oxygen difference (A-VO2 Diff) from measured
O and peak oxygen consumption (VO2). No measurement of
blood oxygen levels or direct measurement of tissue consump-
tion was performed. It is, therefore, a foregone conclusion that
A-VO2 Diff is an independent predictor of VO2, when the latter
as used to calculate the former. Until direct measurement of
eripheral oxygen consumption is performed in HFpEF pa-
ients, we believe the conclusion that this is a primary deter-
inant of exercise intolerance remains an interesting, but
nproven, hypothesis.
We further find the results of decreased A-VO2 Diff in
HFpEF patients confusing, as this is inconsistent with previous
data presented by Kitzman et al. (2), showing a nonstatistically
significant trend of a 10% increase in measured A-VO2 Diff in
FpEF patients versus healthy controls. It also contradicts
ndings in HF with reduced EF patients who have a significant
ncrease in A-VO2 Diff compared to healthy control subjects,
not only at peak exercise, but also at rest and submaximal
exercise (3). The discrepancy might be due to calculation rather
than measurement of A-VO2 Diff. Further study to validate the
use of calculated A-VO2 Diff versus direct measurement seems
imperative.
There is no question that the exercise intolerance in HFpEF
is complex and multifactorial. Our group and others have shown
that inadequate contractile reserve contributes to this physiol-
ogy (4), a conclusion supported by failure of the HFpEF
patients in the Haykowsky study (1) to increase EF or decrease
end-systolic volume with exercise. Failure to increase CO
appropriately with exercise clearly contributes, and mounting
data suggest inadequate vasodilator reserve also plays a role.
However, until peripheral oxygen consumption is directly mea-
sured, concluding that reduced A-VO2 Diff contributes to
xercise intolerance remains an assumption based on mathe-
atical derivation.
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Reply
We thank Drs. Halbe and Sweitzer for their interest in our
paper (1). We appreciate the commendations from Drs. Halbe
and Sweitzer, who are knowledgeable investigators of heart
failure with preserved ejection fraction (HFpEF). We agree
with their premise that understanding the pathophysiology of
reduced exercise capacity requires measurement of key variables
during peak exercise, which can be challenging and has not been
commonly done.
By the Fick principle for oxygen, reduced exercise capacity
measured objectively as peak oxygen consumption (VO2) must be
ue to reduced peak cardiac output, reduced peak arteriovenous
xygen difference (A-VO2 Diff), or a combination. Given this, and
he fact that A-VO2 Diff is known to be an important contributor
o exercise capacity in healthy persons and those with heart failure
ith reduced ejection fraction (HFrEF), our findings regarding its
ole in HFpEF are not surprising. We also agree that the
ontributors to reduced exercise capacity in HFpEF, as in HFrEF,
re “multifactorial and complex.” Our primary conclusion, that
oth cardiac output and A-VO2 Diff are reduced at peak and
ontribute to reduced exercise capacity, is strongly consistent with
his concept.
The Fick technique is a well-accepted method for calculating either
-VO2 Diff or cardiac output when the other and VO2 are known by
irect measurement (2). It is viewed as the gold standard for cardiac
utput assessment, is routinely used in cardiac catheterization labora-
ories for critical patient care decisions (2), has been used in many
rior studies aimed at understanding mechanisms of reduced exercise
apacity including those cited by Halbe and Sweitzer (3,4), and is
qually valid for calculation of A-VO2 Diff.
We agree that direct measurement of A-VO2 Diff would be
esirable, but it involves simultaneous catheterization of sys-
emic and pulmonary arteries during upright, maximal exercise,
hich involves significant risks, particularly for healthy subjects.
valuable feature of our study was the inclusion of a healthy
ontrol group for comparison to our HFpEF patients. Impor-
antly, the use of identical methods in both groups helped
nsure the validity of our intergroup comparisons on which our
onclusions were based.
We agree that use of a Fick-calculated variable could potentially
ias the regression analyses to determine the factors most strongly
elated to reduced peak VO2. However, this statistical method has
een used in previously published studies including those cited by
albe and Sweitzer (3,4). Furthermore, we took several steps to
inimize bias. First, instead of examining peak variables, we
xamined the relationships of reserve variables (peak – rest) with
eak VO2; this significantly reduces collinearity bias. Second, we
used a prediction variable (peak VO2) that we’ve shown has high
reproducibility (5). The size of the bias is positively associated with
the ratio of the variance of the measurement error in observing
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bility of measured peak VO2 is high (0.88) (5), the ratio of the 2
variances is small. Therefore, the bias in the estimated correlation
is small. Importantly, our conclusions regarding A-VO2 Diff were
ell supported by our other data analyses and did not rest primarily
n the attribution regression analysis.
Finally, our conclusion was also supported by our prior work (3),
hich did measure A-VO2 Diff directly by invasive oximetry and
howed that peak A-VO2 Diff was reduced by 13% in HFpEF (see
ig. 2B of our paper [3]). This was misquoted as increased by
albe and Sweitzer, who also misquoted the Sullivan et al. (4)
aper: peak A-VO2 Diff is not increased in HFrEF (see Fig. 2D in
ullivan et al. [4]).
Dalane W. Kitzman, MD
imothy Morgan, PhD
ark Haykowsky, PhD
eter Brubaker, PhD
Internal Medicine/Cardiology
ake Forest University Health Sciencesinston Salem, North Carolina 27157-1045
-mail: dkitzman@wfubmc.edu
doi:10.1016/j.jacc.2011.09.015
EFERENCES
1. Haykowsky MJ, Brubaker PH, John JM, Stewart KP, Morgan TM,
Kitzman DW. Determinants of exercise intolerance in elderly heart
failure patients with preserved ejection fraction. J Am Coll Cardiol
2011;58:265–74.
2. Grossman W, Baim DS. Cardiac Catheterization, Angiography and
Intervention. 4th edition. Philadelphia, PA: Lea & Febiger, 1991.
3. Kitzman DW, Higginbotham MB, Cobb FR, Sheikh KH, Sullivan M.
Exercise intolerance in patients with heart failure and preserved left
ventricular systolic function: failure of the Frank-Starling mechanism.
J Am Coll Cardiol 1991;17:1065–72.
4. Sullivan M, Knight JD, Higginbotham MB, Cobb FR. Relation
between central and peripheral hemodynamics during exercise in
patients with chronic heart failure: muscle blood flow is reduced with
maintenance of arterial perfusion pressure. Circulation 1989;80:
769 – 81.
5. Marburger CT, Brubaker PH, Pollock WE, Morgan TM, Kitzman
DW. Reproducibility of cardiopulmonary exercise testing in elderlyedical Center Boulevard heart failure patients. Am J Cardiol 1998;82:905–9.
